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(54) Induction heating apparatus

(57)  When a pan made of a non-magnetic material, detects that the pan is made of a non-magnetic material
such as aluminum, is used for cooking while the tem- or a pan-floating phenomenon has occurred, in order to
perature is being controlled, notification is made to the prevent abnormal increase in the temperature of the pan
user to the effect that the temperature control function due to incorrect temperature detection caused by the
has been stopped and that the temperature should be pan-floating phenomenon, a settemperature is lowered.

manually adjusted. When the material detection section
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to an induction
heating apparatus for use in home, restaurants, offices,
factories, etc., and in particular, to an induction heating
apparatus capable of heating an object to be heated
made of aluminum or the like.

[0002] In aninduction heating apparatus, an alternat-
ing current of a high frequency from 20 kHz to 60 kHz
is made to flow through an induction heating coil (here-
inafter simply referred to as heating coil) to generate a
high frequency magnetic field. This high frequency mag-
netic field produces an eddy current in an object of heat-
ing, such as a pan, kettle or the like container placed in
the vicinity of the heating coil, due to electromagnetic
induction. The object to be heated is heated by Joule
heat caused by the eddy current. The object to be heat-
ed is made preferably of a magnetic material, such as
iron or stainless steel having magnetism, because elec-
tromagnetic induction is utilized in the induction heating.
In recent years, induction heating apparatuses, such as
induction heating cooking appliances, capable of heat-
ing an object to be heated of a pan, kettle or the like
container (hereinafter simply referred to as pan) made
of a non-magnetic material, such as aluminum or cop-
per, have come into practical use and the scope of ap-
plication of induction heating apparatuses has expand-
ed.

[0003] Inaninduction heating apparatus, the direction
of the eddy current generated in a pan during heating is
opposite to the direction of the current that flows through
the heating coil. Consequently, a repulsive force occurs
between the pan and the heating coil due to magnetism.
On the other hand, an electromagnetic force also works
between the heating coil and the pan. In the case of the
pan of a magnetic material such as iron, an attractive
force due to magnetism occurs between the heating coil
and the pan. In the pan made of a magnetic material,
the attractive force is, in general, greater than the repul-
sive force, and therefore, the pan is attracted to the heat-
ing coil.

[0004] In the case of a pan made of a non-magnetic
material (hereinafter referred to as a non-magnetic pan),
such as aluminum or copper, however, only the repul-
sive force works without the above-mentioned attractive
force. Therefore, in the case that the non-magnetic pan,
with food therein, is so light in weight that the gravity
thereof is smaller than the above-mentioned repulsive
force, a "pan floating phenomenon" occurs wherein the
non-magnetic pan floats up and leaves from the heating
coil due to repulsive force. When the pan floating phe-
nomenon occurs, the pan may move on the top plate
made of a heat-resistant glass plate or the like and pro-
vided above the heating coil for placing the pan. The
non-magnetic pan is made of a material having a low
magnetic permeability and a low electric resistivity, such
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as aluminum or copper. Therefore, it is necessary to
make a high frequency current that is greater than in the
case of an iron pan to flow through the heating coil in
order to secure approximately the same amount of heat
as in the case of an iron pan or the like. Consequently,
the above-mentioned repulsive force becomes greater
than in the case of an iron pan, and the pan floating phe-
nomenon easily occurs.

[0005] A first prior art concerning the usage of a pan
of a non-magnetic material in an induction heating cook-
ing appliance is shown in Japanese unexamined patent
publication S61 (1986)-128492. According to this first
prior art, a weight sensor for detecting the weight of a
pan is provided in the surface of the top plate so that the
weight of the pan is detected. In addition, the high fre-
quency current flowing through the heating coil is de-
tected by a current transformer so that the material of
the pan is detected based on this detection output. In
the case that the weight of the pan, including its con-
tents, is a predetermined value or less and the material
of the pan is aluminum or copper, since the pan floating
phenomenon is liable to occur, the high frequency cur-
rent in the heating coil is cut away so that heating is
stopped. When the weight of the pan exceeds a prede-
termined value and, even in the case that the material
of the pan is aluminum or copper, since there is no risk
of the occurrence of the pan floating phenomenon, a
high frequency currentis made to flow through the heat-
ing coil so that heating is carried out.

[0006] A second prior art concerning the usage of a
pan of a non-magnetic material in an induction heating
cooking appliance is shown in Japanese unexamined
patent publication S62 (1987)-276787. According to this
second prior art, the weight of the pan and the material
of the pan are detected in the same manner as in the
above-mentioned first prior art. In the case that the ma-
terial of the pan is a non-magnetic material having a high
conductivity, for instance aluminum, the frequency of the
high frequency current is raised to 50 kHz (20 kHz in the
case of an iron pan) so that approximately the same
amount of heat as in the case of an iron pan can be
gained even in the case that such a pan is used. In ad-
dition, the high frequency current flowing through the
heating coil is adjusted in accordance with the weight of
the pan so as to limit to a current value wherein a range
in which the pan floating phenomenon does not occur.
[0007] When cooking is carried out using a pan, tem-
perature control is carried out so that the temperature
of the object to be heated in the pan is maintained at the
desired value during cooking, and consequently an ap-
propriately cooked object is obtainable without risk of
burning food material (object to be cooked). In particular,
in the case that cooking oil is placed in a pan in order to
cook tempura (Japanese fried food), it is important to
maintain the temperature of the cooking oil at an appro-
priate level in order to cook good taste tempura. Though
temperature control during cooking is not shown in the
above-mentioned first and second prior arts, an induc-
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tion heating cooking appliance having such a tempera-
ture control function is in practical use.

[0008] In the induction heating cooking appliance of
the above-mentioned first prior art, the high frequency
current is cut when the weight of the pan including its
contents is a predetermined value or less, and therefore,
cooking using a non-magnetic pan cannot be carried
out. A non-magnetic pan, for example, cannot be used
for cooking a small amount of food material for a family
of a small number of people.

[0009] In the induction heating cooking appliance of
the second prior art, the current flowing through the
heating coil is restricted in relation with the weight of the
pan with its contents inclusive. Therefore, the user can-
not cook with a light pan for a small amount of food ma-
terial.

[0010] Itis necessary to detect the temperature of the
food material in order to control the temperature of the
food material in the pan. It is not easy, however, to di-
rectly measure the temperature of the food material.
Therefore, the temperature of the bottom surface of the
pan is, usually indirectly measured by means of a tem-
perature sensor and the temperature of the food mate-
rial is indirectly measured. The temperature sensor is
provided on the lower surface of a top plate whereon the
pan is placed. The temperature of the bottom of the pan
is detected by the sensor through the top plate when the
pan is placed on the top plate. Correct temperature de-
tection is carried out only when the pan makes contact
with the top plate. In the case that a non-magnetic pan
is used, the pan floating phenomenon may lead to a
state that the pan floats and moves on the top plate shift-
ing away from the correct position. Then, the tempera-
ture sensor cannot correctly detect the temperature of
the bottom of the pan. Under such state, the tempera-
ture sensor provides a detection output indicating an er-
roneous low temperature to the control section, and thus
the control section increases the high frequency current
supplied to the heating coil, to increase the temperature.
Such being the case, correct temperature control is not
carried out, and there is a risk wherein the temperature
of the pan and the temperature of the object to be heated
may rise in an abnormal level.

[0011] A general example of a conventional induction
heating cooking appliance is described with reference
to FIG. 8.

[0012] In FIG. 8, a heating coil 53 is disposed below
a top plate 52 which has an object 51 thereon, such as
a pan to be heated. A high frequency current is supplied
from an inverter circuit 55 as a heating coil output ad-
justment section to a heating coil 53, and the heating
coil 53 carries out induction heating by applying the
magnetic field caused by a high frequency alternating
currentto the object 51 to be heated. A temperature sen-
sor 57 is provided at approximately the center portion of
heating coil 53 so as to make contact with the lower sur-
face of top plate 52 and detects the temperature of the
center portion of object 51 to be heated via top plate 52.
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Detected temperature of object 51 to be heated, which
has been detected by temperature sensor 57, is sent to
a temperature control section 58. Temperature control
section 58 controls the operation of the inverter circuit
55 so that the temperature detection value becomes
equal to the control target temperature (see, for exam-
ple, Japanese unexamined patent publication H7
(1995)-254483 (FIG. 1, pages 4 to 6)).

[0013] The operation of the conventional induction
heating cooking appliance described above is herein
described in detail.

[0014] Theinvertercircuit 55 as the heating coil output
adjustment section rectifies, smoothes and converts the
alternating current of a commercial frequency inputted
from a conventional power supply (not shown) to direct
current, and then converts the direct current to a high
frequency current of the desired frequency. The high fre-
quency current is supplied to the heating coil 53. The
heating coil 53 generates an eddy current in the object
51 to be heated, for example, a pan magnetically cou-
pled with heating coil 53, so that object 51 to be heated
is heated with Joule heat.

[0015] When object 51 to be heated is induction heat-
ed, temperature sensor 57 detects the temperature of
object 51 to be heated and temperature control section
58 controls the output of the inverter circuit 55 so that
the temperature of object 51 to be heated becomes
equal to the control target temperature.

[0016] In the conventional induction heating cooking
appliance, heating coil 53 is generally in a spiral form,
wherein the inner diameter thereof is approximately 50
mm and the outer diameter is approximately 150 mm.
Heating coil 53 is placed at a distance of approximately
3 mm away below from top plate 52.

[0017] In the above-mentioned conventional induc-
tion heating apparatus, temperature control section 58
changes value of the high frequency current flowing
through heating coil 53. This current is the output of in-
verter circuit 55, in accordance with the temperature de-
tected by temperature sensor 57, and controls the heat
output of object 51 to be heated. At this time, heating
coil 53 itself emits heat, and therefore, the temperature
of heating coil 53 changes in accordance with the high
frequency current value flowing therethrough. Accord-
ingly, the temperature detected by temperature detector
57 which is provided in the vicinity of heating coil 53 is
affected by the temperature of object 51 to be heated,
and the temperature of heating coil 53 itself. Therefore,
temperature sensor 57 cannot precisely detect the tem-
perature of object 51 to be heated, and temperature con-
trol suffers harmful influences. This is a significant prob-
lem, wherein such a structure is disadvantageous in or-
der to achieve successful cooking when using the in-
duction heating cooking appliance.

BRIEF SUMMARY OF THE INVENTION

[0018] An aspectof the presentinvention is to provide
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an induction heating cooking appliance having a tem-
perature control function such that an abnormal temper-
ature rise can be prevented in the case that a pan made
of a non-magnetic material, e.g., aluminum, is used for
cooking.

[0019] Another aspect of the present invention is to
provide an induction heating apparatus which is capable
of controlling temperature with a high precision by re-
stricting the effects of self-heating of a heating coil and
has good usability.

[0020] An induction heating cooking appliance of the
present invention stops controlling of the heat output on
the basis of the detection result of a temperature sensor,
or changes the conditions for temperature control in the
case that an object to be heated has a conductivity ap-
proximately the same as, or greater than the conductiv-
ity of aluminum. Thereby, the object to be heated is pre-
vented from an abnormal temperature rise.

[0021] An induction heating apparatus of the present
invention comprises: a top plate on which an object to
be heated is placed; a first heating coil that can heat an
iron-based object to be heated or an object to be heated
having a conductivity approximately the same as, or
greater than the conductivity of aluminum; and a second
heating coil that can heat the iron-based object to be
heated but cannot heat the object to be heated having
a conductivity approximately the same as, or greater
than the conductivity of aluminum. In another aspect,
the induction heating apparatus further comprises first
and second heating coil output adjustment parts for re-
spectively supplying high frequency currents to the
above-mentioned first and second heating coils. The
above-mentioned induction heating apparatus further
comprises a temperature sensor for detecting the tem-
perature of the object to be heated via the above-men-
tioned top plate and a temperature setting part for set-
ting the control target temperature of the object to be
heated as well as a temperature control part. The above-
mentioned temperature control part controls the output
of the above-mentioned first and second heating coil
output adjustment sections in accordance with output
information from the temperature sensor and from the
temperature setting part so as to control the temperature
of the object to be heated to a temperature correspond-
ing to the above-mentioned control target temperature.
The above-mentioned temperature control part oper-
ates only on the iron-based object to be heated by the
above-mentioned first heating coil. As described above,
an object to be heated is induction-heated by means of
a high frequency magnetic flux generated by the heating
coil. The first heating coil has a number of windings
greater than that of the second heating coil and a high
frequency current flowing through the first heating coil
is selected smaller than that flowing through the second
heating coil for the same heat output. Accordingly, the
power loss in the first heating coil is smaller than that of
the second heating coil and the amount of heat emitted
by the first heating coil is smaller than that of the second
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heating coil, and the detection value of the object to be
heated detected by the temperature sensor is unsus-
ceptible to the heat emitted by the heating coil. There-
fore, itis possible to carry out accurate temperature con-
trol of an object to be heated.

[0022] An induction heating cooking appliance of the
invention in accordance with Claim 1 comprises: a heat-
ing coil for induction heating a non-magnetic object to
be heated having a conductivity approximately the same
as, or greater than the conductivity of aluminum, and for
induction heating an iron-based object to be heated; an
inverter section for causing a high frequency current to
flow through the above-mentioned heating coil; a tem-
perature sensor for detecting the temperature of the ob-
ject to be heated; and a temperature control section for
controlling the heat output of the above-mentioned heat-
ing coil based on the detection result of the above-men-
tioned temperature sensor. The above-mentioned tem-
perature control section stops temperature control
based on the detection result of the above-mentioned
temperature sensor, or changes the conditions for tem-
perature control in the case that the above-mentioned
temperature control section recognizes heating of a
non-magnetic object to be heated having a conductivity
approximately the same as, or greater than the conduc-
tivity of aluminum.

[0023] According to the invention of Claim 1, in the
case that a non-magnetic object to be heated having a
conductivity approximately the same as, or greater than
that of aluminum is heated, control of heat output that is
carried out based on the detection result of the temper-
ature sensor is stopped or the conditions of temperature
control are changed. Consequently, the pan can be pre-
vented from abnormal rise in the temperature, in the
case that a pan floating phenomenon, or the like occurs
and a correct detection value is not attained from the
temperature sensor.

[0024] An induction heating cooking appliance of the
invention in accordance with Claim 2, further comprises
a material detection section for detecting the material of
which an object to be heated is made. The above-men-
tioned temperature control section recognizes heating
of a non-magnetic object to be heated having a conduc-
tivity approximately the same as, or greater than the
conductivity of aluminum based on the detection result
of the above-mentioned material detection section.
[0025] According to the invention of Claim 2, the tem-
perature control section stops the control of heat output
based on the detection result of the temperature sensor,
or changes the conditions for temperature control in ac-
cordance with the detection result of the material detec-
tion section. In the case that the material of an object to
be heated is a non-magnetic material having the con-
ductivity approximately the same as, or greater than that
of aluminum, the material is detected, and then, the con-
trol of heat output is stopped or the conditions for tem-
perature control are changed so as to prevent the object
to be heated from an abnormal rise in the temperature.
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[0026] The inductance heating cooking appliance of
the invention in accordance with Claim 3 further has an
object to be heated selection section for selecting
whether a non-magnetic object to be heated having a
conductivity approximately the same as, or greater than
the conductivity of aluminum is heated, or an object to
be heated that is made of another material is heated.
The above-mentioned temperature control section rec-
ognizes heating of a non-magnetic object to be heated
having a conductivity approximately the same as, or
greater than the conductivity of aluminum based on the
selection result of the above-mentioned object to be
heated selection section.

[0027] According to the invention of Claim 3, the user
can select with the object to be heated selection section
whether the object to be heated is a non-magnetic object
having a conductivity approximately the same as, or
greater than that of aluminum, or is an object to be heat-
ed that is made of other material. In accordance with
this selection result, the control of heat output for tem-
perature control based on the detection result of the
temperature sensor is stopped, or the conditions for
temperature control are changed, therefore, the object
to be heated can be prevented from an abnormal rise in
the temperature in the case of use of an object to be
heated made of aluminum, or the like that is not appro-
priate for temperature control.

[0028] The induction heating cooking appliance ac-
cording to Claim 4 further comprises a positional shift
detection section for detecting a floating phenomenon
or a positional shift of an object to be heated. The above-
mentioned temperature control section recognizes
heating of a non-magnetic object to be heated having a
conductivity approximately the same as, or greater than
the conductivity of aluminum on the basis of the detec-
tion result of the above-mentioned positional shift de-
tection section.

[0029] According to the invention of Claim 4, temper-
ature control is stopped, or the conditions for tempera-
ture control are changed in the case wherein a floating
phenomenon or a positional shift of an object to be heat-
ed is detected. Accordingly, an abnormal rise in the tem-
perature of the object to be heated due to inappropriate
temperature control can be prevented in the case
wherein a floating phenomenon or a positional shift of
an object to be heated has occurred.

[0030] The induction heating cooking appliance ac-
cording to Claim 5 further comprises a reporting section
for making a visual or auditory report to the user. When
the above-mentioned temperature control section rec-
ognizes heating of a non-magnetic object to be heated
having a conductivity approximately the same as, or
greater than the conductivity of aluminum and the con-
trol of heat output based on the detection result of the
temperature sensor is stopped, or the conditions for
temperature control are changed, the above-mentioned
reporting section informs the facts.

[0031] Accordingto the invention of Claim 5, when the
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temperature control section recognizes heating of a
non-magnetic object to be heated having a conductivity
approximately the same as, or greater than the conduc-
tivity of aluminum and the control of heat output based
on the detection result of the temperature sensor is
stopped, or the conditions for temperature control are
changed, the reporting section for making a visual or au-
ditory report informs the facts to the user. Thereby, the
user can understand the operating condition of the tem-
perature control section.

[0032] The induction heating cooking appliance ac-
cording to Claim 6 further comprises a reporting section
for making a visual or auditory report to the user. When
the above-mentioned temperature control section rec-
ognizes that a non-magnetic object to be heated having
a conductivity approximately the same as, or greater
than the conductivity of aluminum is heated, the above-
mentioned reporting section informs the facts.

[0033] According to the invention of Claim 6, in the
case wherein a non-magnetic object to be heated hav-
ing a conductivity approximately the same as, or greater
than the conductivity of aluminum is heated, the fact is
informed to the user through display, and therefore, the
user can heat and cook the object while observing heat
conditions.

[0034] An induction heating cooking appliance ac-
cording to the invention of Claim 7 comprises: an induc-
tion heating coil provided in the vicinity of the position
wherein an object to be heated, such as a pan is placed;
an inverter section for causing a high frequency current
to flow through the above-mentioned induction heating
coil; and a material detection section for detecting
whether the above-mentioned object to be heated is
made of a magnetic material or is made of a non-mag-
netic material having a high conductivity. The above-
mentioned induction heating cooking appliance further
comprises a positional shift detector for detecting a po-
sitional shift of the above-mentioned object to be heated
relative to the above-mentioned induction heating coil;
and a temperature sensor for detecting the temperature
of the above-mentioned object to be heated in order to
control the temperature of the above-mentioned object
to be heated. The above-mentioned induction heating
cooking appliance further comprises a control section,
to which the respective detection outputs of the above-
mentioned temperature sensor, the above-mentioned
material detection section and the above-mentioned po-
sitional shift detection section are inputted, and for pro-
viding, to the above-mentioned inverter section, the con-
trol output that carries out temperature control of the ob-
ject to be heated based on the detection output of the
above-mentioned temperature sensor. The above-men-
tioned control section stops the operation of the above-
mentioned temperature control, or changes the condi-
tions for temperature control, when one detection signal,
either a detection signal provided when the above-men-
tioned material detection section detects a non-magnet-
ic object to be heated having a high conductivity, or a
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detection signal provided when the above-mentioned
positional shift detector detects a positional shift of the
object to be heated, is inputted into the control section.
[0035] According to the invention of Claim 7, when
one detection signal is inputted to the control section
either from the material detection section or from the po-
sitional shift detection section, the temperature control
operation is stopped, or the conditions for temperature
control are changed. Accordingly, the object to be heat-
ed is prevented from an abnormal rise in the tempera-
ture due to temperature control under the condition that
the temperature sensor cannot correctly detect the tem-
perature of an object to be heated.

[0036] When a pan made of a non-magnetic material
such as aluminum is used and temperature control is
attempted to be carried out, the temperature control
function is automatically stopped, or the conditions of
temperature control are changed by means of the de-
tection output of the material detection section or of the
pan floating phenomenon detection section. According-
ly, even when a pan floating phenomenon has occurred
and the temperature sensor cannot correctly detect the
temperature of the pan, the pan can be prevented from
an abnormal rise in the temperature.

[0037] Theinduction heating cooking appliance of the
invention according to Claim 8 comprises a display sec-
tion for displaying a message informing the user that the
above-mentioned control section has stopped the tem-
perature control operation, or has changed the condi-
tions for temperature control.

[0038] According to the invention of Claim 8, the user
can realize that the temperature control operation has
stopped or the conditions for temperature control have
been changed by means of display of the display sec-
tion, and after then, the user can continue heating and
cooking by manually adjusting the temperature.

[0039] When the temperature control function has
been stopped or, the conditions for temperature control
have been changed, the fact is informed to the user by
means of display so that the user is requested to man-
ually adjust the temperature. Consequently, the user
can realize the present condition "on" or "off" of temper-
ature control and the subsequently necessary manual
control, and after then the user can correctly use the
induction heating cooking appliance.

[0040] The induction heating apparatus of the inven-
tion according to Claim 9 comprises an operating sec-
tion with which the user instructs the stoppage of the
temperature control operation, when the above-men-
tioned object to be heated is of a non-magnetic material
having a high conductivity.

[0041] According to the invention of Claim 9, in the
case that the user recognizes that the object to be heat-
ed is made of a non-magnetic material, the user can stop
temperature control operation in advance so that the us-
er does not receive a message by means of the display
or by speech sound.

[0042] The user who knows the utilization conditions
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stops the temperature control function in advance, and
therefore, the user escapes from reception of a mes-
sage in the form of a display message or by means of
speech sound.

[0043] The induction heating apparatus of the inven-
tion according to Claim 10 comprises: a top plate for
placing an object to be heated; a first heating coil pro-
vided on the side opposite to the side for placing the
object to be heated of the above-mentioned top plate,
that can heat an iron-based object to be heated and an
object to be heated having a conductivity approximately
the same as, or greater than the conductivity of alumi-
num; and a second heating coil that can heat an object
to be heated other than objects to be heated having a
conductivity approximately the same as, or greater than
the conductivity of aluminum and that can heat an iron-
based object to be heated. The above-mentioned induc-
tion heating apparatus further comprises: first and sec-
ond heating coil output adjustment sections for respec-
tively supplying high frequency currents to the above-
mentioned first and second heating coils; a temperature
sensor for detecting the temperature of an object to be
heated via the above-mentioned top plate; and a tem-
perature setting section for setting a control target tem-
perature of an object to be heated. The above-men-
tioned induction heating apparatus further comprises a
temperature control section for controlling the output of
the above-mentioned inverter in accordance with output
information of the above-mentioned temperature sensor
and of the above-mentioned temperature setting section
so that the temperature of the object to be heated is con-
trolled to the temperature corresponding to the above-
mentioned control target temperature, and the above-
mentioned control section controls only the temperature
of the iron-based object to be heated by the above-men-
tioned first heating coil.

[0044] According to the above-mentioned induction
heating apparatus, the respective heating coil output ad-
justment sections supply high frequency currents to the
corresponding heating coils, and thereby, the respective
objects to be heated can be induction heated by means
of high frequency magnetic flux generated by the heat-
ing coils. The first heating coil can heat an iron-based
object to be heated to a desired temperature according
to the output of the first heating coil output adjustment
section that supplies a desired high frequency current
and can also heat an object to be heated having a con-
ductivity approximately the same as, or greater than the
conductivity of aluminum.

[0045] Intheinduction heating apparatus of the inven-
tion according to Claim 11, the number of windings of
the first heating coil is greater than the number of wind-
ings of the second heating coil. The number of windings
of the first heating coil is greater than the number of
windings of the second heating coil and, thereby, the val-
ue of the high frequency current flowing through the first
heating coil supplied by the corresponding heating coil
output adjustment section is smaller than that flowing
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through the second heating coil, when the object to be
heated made of the same material is heated with the
same heat output.

[0046] The induction heating apparatus of the inven-
tion according to Claim 13 comprises capacitors which
forms a resonator together with the first heating coil, and
the capacitance of the above-mentioned capacitors can
be changed. Thereby, an object to be heated having a
conductivity approximately the same as, or greater than
the conductivity of aluminum and object to be heated
made of an iron-based material can be heated with the
same heating coil.

[0047] Intheinduction heating apparatus of the inven-
tion according to Claim 14, the first heating coil and the
first heating coil output adjustment section for supplying
a high frequency current to the first heating coil are
formed so as to heat either an object to be heated having
a conductivity approximately the same as, or greater
than the conductivity of aluminum or an iron-based ob-
ject to be heated.

[0048] Intheinduction heating apparatus of the inven-
tion according to Claim 15, the rated output of the sec-
ond heating coil output adjustment section for supplying
a high frequency current to the second heating coil is
greater than the rated output of the first heating coil out-
put adjustment section for supplying a high frequency
current to the first heating coil. In the case that the ob-
jects to be heated by the first and second heating coils
are made of the same material, the value of the high
frequency current supplied to the first heating coil be-
comes smaller than that supplied to the second heating
coil. The rated output of the second heating coil output
adjustment section is set at a value greater than that of
the rated output of the first heating coil output adjust-
ment section, and therefore, in the case that the objects
to be heated by the first and second heating coils are
made of the same material, the amount of self-emitting
heat of the first heating coil is less than the amount of
self-emitting heat of the second heating coil. Conse-
quently, the heat due to the self-emitting heat of the first
heating coil does not adversely affect temperature de-
tection by the temperature sensor. Accordingly, temper-
ature control at the time of induction heating by means
of the first heating coil can be carried out with a high
precision. In the case that high heating power is neces-
sary, for example when boiling water or roasting food,
the second heating coil having a high rated output is
used, and thereby, cooking time can be reduced.
[0049] Intheinduction heating apparatus of the inven-
tion according to Claim 16, the above-mentioned first
and second heating coils are in annular forms or in spiral
forms, wherein the inner diameter of the first heating coil
is greater than the inner diameter of the second heating
coil. The above-mentioned temperature sensor is pro-
vided in the vicinity of the center portion of the first heat-
ing coil.

[0050] The first and second heating coils are in annu-
lar forms or in spiral forms, and therefore, the tempera-
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ture of each object that is induction heated by each heat-
ing coil becomes uniform, and effects due to positional
shift of the object with respect to the heating coil can be
reduced. The inner diameter of the first heating coil is
greater than the inner diameter of the second heating
coil, and thereby, it becomes possible to place the tem-
perature sensor at a position away from the inner pe-
riphery portion of the first heating coil in the case that
the temperature sensor is placed at the approximate
center of the first heating coil. Thereby, effects that the
detection temperature of the temperature sensor ac-
cepts from the self-emitting heat of the first heating caoil
can be reduced. Therefore, it becomes possible to con-
trol the temperature of the object to be heated with pre-
cision.

[0051] Intheinduction heating apparatus of the inven-
tion according to Claim 17, the distance between said
top plate and the first heating coil is greater than the
distance between the top plate and the second heating
coil. Thereby, a heat insulating barrier of air formed be-
tween the first heating coil and the top plate is thicker
than a heat insulating barrier of air formed between the
second heating coil and the top plate. This heat insulat-
ing barrier reduces the thermal effects provided to the
top plate and the temperature sensor by the heat from
the self-emitting heat of the first heating coil, and there-
fore, highly precise detection of the temperature of the
object to be heated becomes possible by means of the
temperature sensor. Thereby, temperature control of the
object to be heated can be carried out with greater pre-
cision by the first heating coil.

[0052] The induction heating apparatus of the inven-
tion according to Claim 18 further comprises a cooling
section for cooling the plurality of heating coil output ad-
justment sections for respectively supplying desired
high frequency currents to the plurality of heating coils.
The first heating coil is placed at a position where opti-
mal cooling condition is attained by the cooling section.
The cooling section is positioned opposite to the first
heating coil for heating an object to be heated, having
a conductivity approximately the same as, or greater
than the conductivity of aluminum, and the first heating
coil output adjustment section for supplying a desired
high frequency current to this first heating coil. The cool-
ing section intensively cools the portion having a great
amount of heat emission. Thereby, the reliability of the
apparatus can be enhanced. It becomes possible to re-
duce the thermal effects to the top plate and to the tem-
perature sensor due to the self-emitting heat from the
first heating coil by intensively applying a cooling stream
of air, for example, by a cooling fan of the cooling sec-
tion, to the first heating coil, rather than to the second
heating coil. A position effectively receiving cooling air
of the cooling fan is the position receiving the greatest
amount of cooling air or the position receiving a cooling
air having a temperature approximately the same as that
of the intake stream of air. The thermal effects supplied
to the top plate and to the temperature sensor by the
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self-emitting heat of the first heating coil can be reduced
by providing a cooling section in the above-mentioned
manner. As a result, the temperature of the object to be
heated can be detected with a high precision by means
of the temperature sensor, and therefore, temperature
control can be precisely carried out on the object to be
heated by means of the first heating coil.

[0053] According to the experiments by the inventors,
in order to heat an object to be heated having a conduc-
tivity approximately the same as, or greater than the
conductivity of aluminum to approximately the same de-
gree as an object to be heated made of an iron-based
material, it is necessary to increase the number of wind-
ings of the heating coil for aluminum to a number greater
than the number of windings of the heating coil for heat-
ing only the object to be heated made the iron-based
material. This is also necessary to reduce the self-emit-
ting heat of the heating coil for aluminum that heats an
object to be heated having a conductivity approximately
the same as, or greater than the conductivity of alumi-
num.

[0054] Accordingto the presentinvention, the number
of windings of the first heating coil that can heat an ob-
ject to be heated having a conductivity approximately
the same as, or greater than the conductivity of alumi-
num is greater than the number of windings of the sec-
ond heating coil that can heat an object to be heated
made of an iron-based material but cannot properly heat
an object to be heated having a conductivity approxi-
mately the same as, or greater than the conductivity of
aluminum. In the same heat output and the same mate-
rial of the object to be heated, the value of the high fre-
quency current supplied from the heating coil output ad-
justment section to the first heating coil having the great-
er number of windings, is smaller than that supplied to
the second heating coil. The amount of self-emitting
heat of the first heating coil is less than that of the sec-
ond heating coil under the same conditions. According
to the present invention, temperature control is carried
out by detecting the temperature of the object to be heat-
ed in the vicinity of the first heating coil emitting a small
amount of self-emitting heat. Thereby, effect of the tem-
perature due to the self-emitting heat of the first heating
coil is reduced in the temperature control, and precise
temperature control of the object to be heated becomes
possible.

[0055] According to the presentinvention, the second
heating coil having the smaller number of windings
which can heat only an iron-based object to be heated
is provided, and the desired high frequency current is
supplied to the second heating coil by means of the sec-
ond heating coil output adjustment section. The number
of windings of the heating coil can be appropriately se-
lected in accordance with the material of the object to
be heated, thereby, increase in the amount of usage of
Litz copper wire accompanying increase in the number
of windings of the heating coils can be restricted so that
increase in cost can be restricted.
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[0056] Furthermore, a cooling section is provided to
the first heating coil output adjustment section so as to
intensively cool the portion wherein thermal stress in-
creases. Thereby, the reliability of the apparatus is in-
creased.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0057]

FIG. 1 is a cross sectional view showing the config-
uration of an induction heating cooking appliance
according to the first embodiment of the present in-
vention;

FIG. 2 is a plan view of the operation panel of op-
eration section 12 of the induction heating cooking
appliance of the first embodiment;

FIG. 3 is a graph of current/voltage characteristics
curves for describing the known operating principle
of the material detection section;

FIG. 4 is a flowchart showing the operation of the
first embodiment of the induction heating cooking
appliance of the present invention;

FIG. 5 is a plan view of the operation panel of op-
eration section 22 of an induction heating cooking
appliance according to the second embodiment of
the present invention;

FIG. 6 is a flowchart showing the operation of the
induction heating cooking appliance according to
the second embodiment of the present invention;
FIG. 7 is a block diagram showing the configuration
of an induction heating cooking appliance accord-
ing to the third embodiment of the present invention;
and

FIG. 8 is the block diagram showing the configura-
tion of the induction heating cooking appliance ac-
cording to the prior art.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0058] Hereafter, the preferred embodiments of an in-
duction heating cooking appliance and an induction
heating apparatus according to the present invention
are described in reference to FIG. 1 to FIG. 7.

[First Embodiment]

[0059] Aninduction heating cooking appliance having
a temperature control function according to the first em-
bodiment of the present invention is described in refer-
ence to FIG. 1 to FIG. 4.

[0060] FIG. 1is a cross sectional view of an induction
heating cooking appliance of the present embodiment.
In the figure, a top plate 2 made of heat-resistant glass
or the like is attached to the top portion of a housing 1,
and the user places a pan 3 or the like on top plate 2 to
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heat the pan for cooking. An induction heating coil 4 is
disposed in a housing 1 beneath top plate 2 so as to
keep a predetermined distance between induction heat-
ing coil 4 and pan 3. A predetermined position for placing
pan 3 is indicated on the upper surface of top plate 2
with a pattern, such as a circle (not shown). A temper-
ature sensor 7 and a pan floating detector 8 are dis-
posed on the lower surface of top plate 2. Temperature
sensor 7 detects the temperature of the bottom of pan
3 via top plate 2. Pan floating phenomenon detector 8
detects the "pan floating phenomenon," which is a phe-
nomenon that pan 3 as an object to be heated floats
from the upper surface of top plate 2. The pan floating
phenomenon detector 8 also has a positional shift de-
tection function for detecting positional shift of the pan
which moves on the surface of top plate 2 and shifts from
the predetermined position. The housing 1 is provided
with a material detection section 9 for detecting the ma-
terial of pan 3, a control section 10 and an inverter sec-
tion 11. The respective detection outputs from the
above-mentioned temperature sensor 7, pan floating
detector 8 and material detection section 9 are sent to
control section 10. An operating section 12 is disposed
on a side 1A of housing 1 facing the user.

[0061] FIG. 2 is a front view of operating section 12.
As shown in FIG. 2, operating section 12 has a temper-
ature control selection switch 12A, a temperature setting
switch 12B and a heating start switch 12C, which are
connected to the control section 10. A display section
14 connected to control section 10 is disposed in the
vicinity of operating section 12 of top plate 2. The output
terminal of control output of control section 10 is con-
nected to the input terminal of inverter section 11. The
output terminal of inverter section 11 is connected to ter-
minals 41 and 42 of induction heating coil 4. A current
transformer 44 (hereinafter referred to as CT44) for de-
tecting the input current of inverter section 11 is coupled
to the alternating current input leads. A current signal
45 of detection output of CT44 is inputted to one of the
input terminals of material detection section 9. A voltage
signal 46 corresponding to the voltage value that is ap-
plied to induction heating coil 4 from inverter section 11
is inputted to the other of the input terminals of material
detection section 9. Material detection section 9 detects
the material of the pan based on the input current (1) and
the voltage (V) of the induction heating coil correspond-
ing to the above-mentioned current signal 45 and volt-
age signal 46, respectively. Control section 10 and in-
verter section 11 are connected to an alternating current
power supply of, for example, AC100V via a power sup-
ply line 17.

[0062] The operation of the induction heating cooking
appliance of the present embodiment is described here-
after. Temperature sensor 7 has a temperature detec-
tion element, such as a thermistor, so as to detect the
temperature of the bottom of pan 3 when is placed at a
predetermined position on top plate 2. The control sec-
tion 10 includes a temperature control section for con-
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trolling the temperature of pan 3 so as to keep a tem-
perature set by the user, on the basis of the detection
output of temperature sensor 7. Pan floating phenome-
non detector 8 is a proximity switch of a capacitance
sensing-type, for example, and detects the pan floating
phenomenon above top plate 2. Material detection sec-
tion 9 is a detector for detecting whether the material of
pan 3 is a magnetic material or a non-magnetic material,
and detects the material of the pan based on the current
of heating coil 4 and the voltage across two terminals
41 and 42, as described after in detail. Temperature con-
trol selection switch 12A is a switch used to select
whether or not the user carries out temperature control
or not. Temperature setting switch 12B is a switch for
the user to set a heating temperature, whereby the de-
sired temperature can be set within a predetermined
range. Heating start switch 12C is a switch to switch be-
tween "on" and "off" for the operation of start of heating
and completion of heating. Display section 14 is a dis-
play apparatus as a reporting section for making a report
of the operational state of the induction heating cooking
appliance of the present embodiment.

[0063] One example of the detection principle of ma-
terial detection section 9 is described in the following.
FIG. 3 shows the current-voltage characteristics curve
of induction heating coil 4 wherein abscissa indicates
the input current (I) and ordinate indicates the voltage
(V) of the induction heating coil. In FIG. 3, the current
voltage characteristics shown as curve A is gained in
the case that pan 3 is made of iron and the current-volt-
age characteristics shown as curve B are gained in the
case wherein pan 3 is made of stainless steel (18-8
SUS), which is a non-magnetic material having a con-
ductivity lower than that of aluminum. In addition, the
current-voltage characteristics shown as curve C are
gained in the case wherein pan 3 is made of a non-mag-
netic material having a high conductivity, such as alumi-
num. In curves A, B and C of FIG. 3, the voltages V with
respect to the same input current |1 are V1 in curve A,
V2 in curve B and V3 in curve C. By detecting the dif-
ferences among these voltages V1, V2 and V3, the ma-
terial of pan 3 is determined whether the material is alu-
minum, non-magnetic stainless steel or an iron-based
material. The above-mentioned detection principle is
only one example, and other methods may be used for
detection.

[0064] When the user cooks by using the induction
heating cooking appliance of the present embodiment,
the user first places pan 3, in which an food material is
contained, at a predetermined position on the upper sur-
face of top plate 2.

[0065] The operation of the induction heating cooking
appliance of the present embodiment during cooking by
the user is described in reference to flowchart of FIG. 4.
[0066] The user learns in advance "conditions of
using " of the induction heating cooking appliance by
reference to instruction manuals, or the like. According
to one of the conditions of using, temperature control
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selection switch 12A of the induction heating cooking
appliance of the present embodiment can be turned "on"
for temperature control only in the case of using of a pan
made of iron, magnetic stainless steel, or the like. The
user learns other condition of using such that tempera-
ture control selection switch 12A must be turned "off"
when a pan made of a non-magnetic material such as
aluminum is used. Hereinafter, these conditions of using
are referred to as "utilization condition." Accordingly,
when a user who knows the utilization conditions uses
pan 3 made of a non-magnetic material, heating is start-
ed by turning "on" heating start switch 12C in the state
that temperature control selection switch 12A is turned
"off" (Step SO of FIG. 4). In this case, the temperature
is manually adjusted using the temperature adjustment
section having panel switches (not shown), or the like,
(Step S5 of FIG. 4). In the case wherein the user uses
pan 3 made of a magnetic material such as iron, tem-
perature control selection switch 12A is turned "on" so
that the temperature control function can be utilized.
[0067] when a user who does not know the above-
mentioned utilization condition turns "on" temperature
control selection switch 12A for temperature control to
heat pan 3 made of a non-magnetic material (Step S1
of FIG. 4), material detection section 9 detects that the
material of pan 3 is a non-magnetic material having high
conductivity, such as aluminum or copper (Step S2 of
FIG. 4), and provides a detection signal to control sec-
tion 10. As a result, control section 10 automatically
turns temperature control selection switch 12A "off" so
that temperature control is stopped and switched to
manual adjustment (Step S3 of FIG. 4). Stoppage of
temperature control is referred to as "control stop." In
this case, display section 14 displays a message such
as "Temperature control is not permitted for aluminum
pan. Conduct temperature adjustment by manual oper-
ation" (Step S4 of FIG. 4). The user may be informed by
speech sound if necessary or an alarm may be set off.
Consequently, the user is informed that the temperature
cannot be controlled for pan 3 of a non-magnetic mate-
rial, and the user then manually adjusts the temperature
for cooking (Step S5 of FIG. 4). In place of automatic
turning "off" of temperature control selection switch 12A
by control section 10, the conditions for temperature
control may be automatically changed in such a manner
as the lowering of the set temperature for temperature
control. Such a change in the conditions for temperature
control is referred to as "condition change" for temper-
ature control.

[0068] When pan 3 is iron or the like, and therefore,
a detection signal indicating the detection of a non-mag-
netic material is not outputted, that is to say, "no" in Step
S2, the procedure goes to Step S6, and heating is con-
tinued under predetermined conditions while the tem-
perature is automatically controlled.

[0069] If the material detection section 9 does not op-
erate due to a malfunction, for example, or when the pan
floating phenomenon has unexpectedly occurred, pan
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floating detector 8 detects these states (Step S7 of FIG.
4). When the pan floating detector 8 has detected the
pan floating phenomenon, the procedure goes to Step
S3, and a signal indicating the pan floating phenomenon
is applied to control section 10, and temperature control
selection switch 12A is automatically turned "off." At this
time, a display or announcement is carried out as de-
scribed above to the effect that the temperature of the
aluminum pan cannot be controlled "due to the pan float-
ing phenomenon" (Step S4 of FIG. 4). In this case, tem-
perature control selection switch 12A is turned "off" and
the user must adjust manually the temperature (Step S5
of FIG. 4) and therefore, an abnormal rise in the tem-
perature of pan 3 can be prevented even in the case
that the pan floating phenomenon has occurred. When
a detection output is not outputted from pan floating de-
tector 8, heating is continued under predetermined set
condition while the temperature is automatically control-
led (Steps S8, S2 and S6 of FIG. 4).

[0070] As described above, heating is continued ac-
cording to the predetermined set condition under the au-
tomatic temperature control (Step S6 of FIG. 4), or the
necessary heating is carried out under the manual tem-
perature adjustment by switching control to manual tem-
perature adjustment (Step S5 of FIG. 4). When cooking
is completed, the user turns "off" heating start switch
12C and completes cooking (Step S9 of FIG. 4).
[0071] According to the present invention, when a
non-magnetic object to be heated having a conductivity
approximately the same as, or greater than that of alu-
minum is heated, control of heat output based on the
detection result of the temperature sensor is stopped,
or the conditions for temperature control are changed.
Therefore, an abnormal temperature rise can be pre-
vented in the case that a correct detection value is not
detected by the temperature sensor due to occurrence
of the pan floating phenomenon, or the like.

[0072] In addition, the temperature control section
stops the control of heat output based on the detection
result of the temperature sensor, or changes the set con-
dition in accordance with the detection result of the ma-
terial detection section. That is to say, in the case that
the material of the object to be heated is a non-magnetic
material having a conductivity approximately the same
as, or greater than that of aluminum, this material is de-
tected and control of heat output is stopped, or the set
condition is changed. Therefore, an abnormal tempera-
ture rise of the object to be heated can be prevented.
[0073] When a floating phenomenon or positional
shift of the object to be heated is detected, temperature
control is stopped or the set condition is changed.
Therefore, the object to be heated is prevented from the
abnormal temperature rise due to inappropriate temper-
ature control.

[Second Embodiment]

[0074] Aninduction heating cooking appliance having



19 EP 1 347 669 A2 20

a temperature control function according to the second
embodiment of the present invention is described in ref-
erence to FIG. 1, FIG. 5 and FIG. 6. The induction heat-
ing cooking appliance of the second embodiment is pro-
vided with an operation section 22 shown in FIG. 5 in
place of operating section 12 in FIG. 1. Operating sec-
tion 22 is provided with an object to be heated selection
switch 12D. The other parts of the configuration are sub-
stantially the same as in the first embodiment shown in
FIG. 1. Object to be heated selection switch 12D is con-
nected to control section 10 shown in FIG. 1 and control
section 10 has a control function for controlling inverter
section 11, as described in detail in the following.
[0075] Object to be heated selection switch 12D is a
switch operated by the user which uses an object to be
heated, such as pan 3 made of a material having a con-
ductivity approximately the same as, or greater than the
conductivity of aluminum (hereinafter briefly referred to
as aluminum pan 3), for cooking while controlling the
temperature. As described above, when aluminum pan
3 is used for cooking under the temperature control, the
pan floating phenomenon or shift of the pan is liable to
occur in some cases. Because of the above-mentioned
fact, normal heating cannot be carried out. In the above-
mentioned first embodiment, the temperature control is
not activated when aluminum pan 3 is used. However,
in many cases this is inconvenient. The present embod-
iment provides an induction heating cooking appliance
which allows for safe cooking even when aluminum pan
3 is used under the temperature control.

[0076] The operation of the present embodiment is
described in detail in reference to FIG. 1, FIG. 5 and
FIG. 6. When the user uses aluminum pan 3 for cooking
while controlling the temperature, the user makes a se-
lection by pressing a switch button representing "alumi-
num" of object to be heated selection switch 12D on op-
erating section 22 shown in FIG. 5 (Step S21 of the flow-
chart of FIG. 6). In addition, temperature control selec-
tion switch 12A is turned "on" (Step S22 of FIG. 6) and
the desired temperature is set at temperature setting
switch 12B. When heating start switch 12C is turned
"on" in Step S23, the procedure goes to Step S24 and
display section 14 displays "Temperature control with
the use of aluminum pan." When pan floating detector
8 detects the occurrence of the pan floating phenome-
non in Step S25, the procedure goes to step S26. Pan
floating detector 8 detects the pan floating phenomenon
on the basis of the level of its detection output and fluc-
tuation in the level. The pan floating phenomenon has
various status, for example, one side of pan 3 tempo-
rarily or continuously floats up, pan 3 moves up and
down above top plate 2, or pan 3 completely floats off
of top plate 2.

[0077] It is determined whether the pan floating phe-
nomenon is within a safe range or not in accordance
with a predefined reference in Step 26. Phenomena
wherein a portion of pan 3 momentarily floats up or
wherein the pan moves up and down to a very slight
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degree, for example, may be defined as being within the
safe range. The phenomenon wherein pan 3 completely
floats off of the top plate 2 cannot be determined to be
within the safe range. When the pan floating phenome-
non is not in the safe range in decision Step S26, the
procedure goes to Step S27 at which temperature con-
trol selection switch 12A is automatically turned "off".
Consequently, temperature control is stopped and con-
trol is changed to manual adjustment. At this time, it is
preferable for the input power of the induction heating
coil to slightly lower . When the pan floating phenome-
non is in the safe range, the procedure goes to Step S31
and the temperature set by temperature setting switch
12B is automatically lowered. At this time, a report is
made to the user by means of a display that "Set tem-
perature is reduced by 5 °C" on display section 14 (Step
S32). When the set temperature for temperature control
is lowered, temperature control is still carried out al-
though the temperature is lowered. During cooking it is
determined whether or not the pan floating phenomenon
is in the safe range by returning to Step S26 via Step
S33.

[0078] When control is changed to manual adjust-
ment in Step S27, display section 14 displays "Adjust
temperature by manual operation” (Step S28 of FIG. 6).
By viewing this display, the user recognizes that the tem-
perature is not being controlled and, subsequently, man-
ually adjusts the temperature (Step S29 of FIG. 6). The
procedure goes to Step S30 when cooking is completed.
The user completes cooking by turning "off" heating
start switch 12C in Step S30. It is desirable to make a
report by means of letters or speech sound in Steps S24,
S28 and S32. In addition, an alarm, such as a chime,
may be sounded if necessary.

[0079] According to the present embodiment, the
temperature can be safely controlled even when the alu-
minum pan 3 is used. Consequently, there is an advan-
tage that the applicable cooking field becomes wider in
the use of induction heating cooking appliance.

[0080] Although the presentembodimentis described
in regard to aluminum as the material of the pan, the
same effects can, of course, be achieved in the case of
the pan made of a non-magnetic material having a con-
ductivity approximately the same as, or greater than that
of aluminum. In addition, even in a pan made of a com-
bination of the above-mentioned materials and other
materials, the same effects can be achieved in the case
that the pan has induction heating characteristics similar
to those of aluminum pan.

[0081] Accordingtothe presentembodiment, the user
can select one of the object to be heated of a non-mag-
netic material having a conductivity approximately the
same as, or greater than that of aluminum, and the ob-
ject to be heated made of other materials by the object
to be heated selection switch. In accordance with this
selection result, control of heating output for tempera-
ture control based on the detection result of the temper-
ature sensor is stopped, or the conditions for tempera-
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ture control are changed by lowering the set tempera-
ture. Therefore, an abnormal temperature rise of the ob-
ject to be heated can be prevented even in the case of
an object to be heated made of aluminum or the like that
is not suitable for temperature control.

[Third Embodiment]

[0082] FIG. 7 is a block diagram showing the config-
uration of an induction heating apparatus according to
the third embodiment of the present invention.

[0083] In FIG. 7, the induction heating apparatus,
such as an induction heating cooking appliance of the
present embodiment, has a configuration of which first
and second objects 30 and 31 to be heated of different
types of pan with each other can be placed on a top plate
20 formed of an insulating plane plate of heat-resistant
ceramic material. First object 30 to be heated is a pan
made of aluminum, which is an example of an object to
be heated of a material having a conductivity approxi-
mately the same as, or greater than the conductivity of
aluminum. Second object 31 to be heated is a pan made
of iron, which is an example of an object to be heated
of an iron-based material.

[0084] Two heating coils 33 and 34 are placed be-
neath top plate 20. A desired high frequency current is
supplied to first heating coil 33 illustrated in the right
hand portion of the figure from first heating coil output
adjustment section 26 (first inverter circuit). A high fre-
quency alternating magnetic field is applied to the object
to be heated, such as a pan placed on top plate 20 for
induction heating, by means of first heating coil 33. An-
other desired high frequency current is supplied to sec-
ond heating coil 34 illustrated in the left hand portion of
the figure from second heating coil output adjustment
section 27 (second inverter circuit). A high frequency al-
ternating magnetic field is applied to object 31 to be
heated, such as a pan placed on top plate 20 for induc-
tion heating, by means of second heating coil 34. First
and second heating coils 33 and 34, respectively, are in
annular forms, configured by twisting and bundling fine
wires, that are further twisted to get Litz wires and by
winding the Litz wires into planar forms and spiral forms.
[0085] As shown in FIG. 7, a temperature sensor 7 is
provided approximately on the center axis of first heat-
ing coil 33 and on the back face of top plate 20. This
temperature sensor 7 is formed of a thermistor engaged
in a holder, not shown, secured to top plate 20 so that
the thermistor and top plate 20 make contact without fail.
Temperature information of the object to be heated lo-
cated above first heating coil 30 is sensed by tempera-
ture sensor 7 via top plate 20 and is sent to object to be
heated temperature control section 15.

[0086] In the induction heating apparatus of the
present embodiment, first heating coil 33 is capable of
heating first object 30 to be heated or second object 31
to be heated. In the configuration thereof, the frequency
of the high frequency current supplied to first heating
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coil 33 is changed in accordance with the material of the
object to be heated. Thereby, an iron pan having a low
conductivity and a high permeability, or an aluminum
pan, copper pan, or the like having a high conductivity
and a low permeability can be heated under the appro-
priate conditions. For example, when first object 30 to
be heated which is a pan made of aluminum is placed
on the top plate, a high frequency current of approxi-
mately 63 kHz is supplied to first heating coil 33. When
second object 31 to be heated which is a pan made of
iron is placed on the top plate, a high frequency current
of approximately 23 kHz is supplied to first heating cail
33. This selection is made by the user with object to be
heated selection section 19.

[0087] When second object 31 to be heated, which is
a pan made of iron, is heated by first heating coil 33, the
desired temperature is set with temperature setting sec-
tion 18. Object to be heated temperature control section
15 controls the operation of first heating coil output ad-
justment section 26 so that the temperature of second
object 31 to be heated, which is sensed via top plate 20,
becomes equal to the control target temperature set by
temperature setting section 18.

[0088] In the case that object to be heated selection
section 19 selects that first object 30 to be heated is
heated by first heating coil 33, the output of first heating
coil 33 is set by first heating coil output setting section
24. The operation of first heating coil output adjustment
section 26 is controlled based on this set value.

[0089] Second heating coil 34 is of a compact-type ca-
pable of heating second object 31 to be heated, which
is a pan made of iron, and cannot heat first object 30 to
be heated having a conductivity approximately the same
as, or greater than the conductivity of aluminum. In the
induction heating apparatus of the present embodiment,
the output of second heating coil 34 is set by second
heating coil output setting section 28 when second ob-
ject 31 to be heated is heated by second heating coil 34.
Second heating coil output adjustment section 27 con-
trols the heat output of heating coil 34 based on this set
output.

[0090] The induction heating apparatus of the present
embodiment is provided with a cooling fan 17 as a cool-
ing section. A cooling air from this cooling fan 17 forcibly
cools first heating coil 33, first heating coil output adjust-
ment section 26, second heating coil 34 and second
heating coil output adjustment section 27. Cooling fan
17 is arranged so that greater amount of air is applied
to, in particular, first heating coil 33 and first heating coil
output adjustment section 26 for strong cooling. Thick
arrow 17A indicates the direction of a strong air flow from
cooling fan 17 and thin arrow 17B indicates the direction
of a weak air flow.

[0091] The operation of the induction heating appara-
tus of the present embodiment configured above is de-
scribed below.

[0092] First heating coil output adjustment section 26
rectifies, smoothes and converts alternating current of
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a commercial frequency inputted from a commercial
power supply (not shown) to direct current. First heating
coil output adjustment section 26 further converts the
direct current to a high frequency current of the desired
frequency, and then, supplies this high frequency cur-
rent to first heating coil 33. First heating coil 33, to which
the high frequency current is supplied, generates an ed-
dy current in the object to be heated, such as a pan that
is magnetically coupled with this first heating coil 33.
Joule heat is generated due to the eddy current and the
object to be heated is induction heated.

[0093] Inasimilar manner, second heating coil output
adjustment section 27 rectifies, smoothes and converts
alternating current of a commercial frequency inputted
from a commercial power supply (not shown) to direct
current. Second heating coil output adjustment section
27 further converts the direct current to a high frequency
current of the desired frequency, and then, supplies this
high frequency current to second heating coil 34. Sec-
ond heating coil 34, to which the high frequency current
is supplied, generates an eddy current in the object to
be heated, such as a pan that is magnetically coupled
with this second heating coil 34. Joule heat is generated
due to the eddy current and the object to be heated is
induction heated.

[0094] First, description is made as to a case that sec-
ond object 31 to be heated which is a pan made of iron,
is heated by first heating coil 33.

[0095] Second object 31 to be heated is selected by
object to be heated selection section 19, and the heating
temperature of second object 31 to be heated is set at
the temperature setting section 18. When the heating
temperature is set, a high frequency current is supplied
to first heating coil 33 from first heating coil output ad-
justment section 26 so that second object 31 to be heat-
ed is induction heated.

[0096] In this operation, the thermistor of temperature
sensor 7 detects the temperature of second object 31
to be heated via top plate 20. Object to be heated tem-
perature control section 15 supplies a control signal to
first heating coil output adjustment section 26 to control
the high frequency current to be supplied to first heating
coil 33, based on temperature information detected by
temperature sensor 7. In this operation, object to be
heated temperature control section 15 controls first
heating coil output adjustment section 26 so that the
high frequency current to be supplied to first heating coil
33 has the desired value and the heat output to second
object 31 to be heated is adjusted. Thereby, the temper-
ature of second object 31 to be heated, which is being
induction heated, becomes the control target tempera-
ture set by the user using temperature setting section
18.

[0097] Next, description is made as to a case that first
object 30 to be heated which is a pan made of aluminum,
is heated by means of first heating coil 33.

[0098] When first object 30 to be heated is selected
to be heated by object to be heated selection section
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19, the output of first heating coil 33 is set by first heating
coil output setting section 24. When the output of first
heating coil 33 is set, a high frequency current is sup-
plied to first heating coil 33 from first heating coil output
adjustment section 26 so that first object 30 to be heated
is induction heated.

[0099] In this time, first object 30 to be heated is heat-
ed in accordance with the output set by the user at first
heating coil output setting section 24.

[0100] A concrete example of the induction heating
apparatus according to the third embodiment is de-
scribed below.

[0101] The number of windings of first heating coil 33
is greater than the number of windings of second heat-
ing coil 34 so that a sufficient heat output can be realized
even in the case that the material of the object to be
heated has a conductivity approximately the same as,
or greater than the conductivity of aluminum, and so as
to reduce the self-emitting heat of first heating coil 33.
Thereby, the value of the high frequency current sup-
plied by first heating coil output adjustment section 26
is reduced. In a concrete example, the number of wind-
ings of first heating coil 33 is 43 and the number of wind-
ings of second heating coil 4 is 25. First heating coil 33
uses a Litz wire having a cross sectional area of 3.2 mm?
formed by bundling 1620 fine wires (copper wires) hav-
ing diameters of 0.05 mm. Second heating coil 34 uses
a Litz wire having a cross sectional area of 2.8 mm?2
formed by bundling 40 fine wires (copper wires) having
diameters of 0.3 mm.

[0102] In the case that objects to be heated made of
the same material are heated with the same heat output
by a heating coil, an electric power supplied to the ob-
jects to be heated is proportional to the square of the
product of the high frequency current flowing through
this heating coil and the number of windings of the heat-
ing coil. In the present embodiment, the number of wind-
ings of first heating coil 33 is approximately 1.7 times as
great as the number of windings of second heating caoil
34. Therefore, the value of the high frequency current
flowing through first heating coil 33 is approximately half
the value of the high frequency current flowing through
second heating coil 34. Consequently, the amount of
self-emitting heat of first heating coil 33 is less than the
amount of self-emitting heat of second heating coil 34,
evenin the inclusive state of the increase of a resistance
component in the first heating coil 33 which has a more
number of windings than the second heating coil 34.
[0103] The induction heating apparatus of the present
embodiment is configured so as to conduct the temper-
ature control, when second object 31 to be heated of an
iron-based object is heated by first heating coil 33 hav-
ing a small amount of self-emitting heat. Accordingly, the
self-emitting heat of first heating coil 33 is reduced and
it is possible to precisely control the temperature of sec-
ond object 31 to be heated.

[0104] The induction heating apparatus of the present
embodiment having first and second heating coils 33
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and 34 is provided with second heating coil 34, capable
of heating an iron-based object to be heated but unable
to heat first object 30 to be heated having a conductivity
approximately the same as or greater than the conduc-
tivity of aluminum, and second heating coil output ad-
justment section 27 which is an output adjustment sec-
tion of the second heating coil. The reason for this is
described below.

[0105] Heating coil 33 for heating first object 30 to be
heated has a great number of windings. If second heat-
ing coil 34 has the same number of windings as heating
coil 33 so as to enable the second heating coil 34 to heat
both first object 30 to be heated and second object 31
to be heated, two heating coils having great numbers of
windings must be provided for heating aluminum pans
which has relatively by low frequency of usage, and
therefore, such configuration is uneconomical. In order
to avoid this uneconomical configuration, and in order
to restrict increase in the amount of usage of Litz wire
due to increase in the number of windings of the heating
coil, only the heating coil 33 has the large number of
windings in the present embodiment. When first object
31 to be heated is heated, first heating coil 33 and first
heating coil output adjustment section 26 are used, and
thereby, the part having a high heat output is limited to
first heating coil 33. That is to say, the apparatus is
formed so that the area rising in temperature is limited
and this area is intensively cooled. Thereby, it becomes
possible to restrict increase in the cost of the apparatus.
[0106] In the induction heating apparatus of the
present embodiment, the maximum output electric pow-
er of first heating coil output adjustment section 26, for
supplying power to first heating coil 33, is 2 kW and the
maximum output electric power of second heating coil
output adjustment section 27, for supplying power to
second heating coil 34, is also 2 kW. These respective
maximum output electric power are necessary when a
large iron pan, having an outer diameter of 200 mm or
greater, is used.

[0107] Incidentally, second heating coil 34 may be
formed so as to output the maximum output power of 3
kW. In such a configuration, the self-emitting heat does
not increase in first heating coil 33 to which highly pre-
cise temperature control is required, and precise tem-
perature detection becomes possible. In the case that
higher heating power is required for boiling water or for
roasting food, it is possible to use second heating coil
34 having a great maximum output and second heating
coil output adjustment section 27. The induction heating
apparatus of this configuration makes it possible to
greatly reduce a cooking time.

[0108] Heating coils 33 and 34, respectively, are in
spiral forms wherein coil wires wound in planes. The in-
ner diameter of first heating coil 33 is greater than the
inner diameter of second heating coil 34. In the concrete
example, the inner diameter (R1) of first heating coil 33
is approximately 80 mm and the inner diameter (R1) of
second heating coil 34 is approximately 50 mm.
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[0109] In the induction heating apparatus of the
present embodiment, temperature sensor 7 is disposed
approximately on the center line of first heating coil 33
so as to make contact with the back surface of top plate
20. Temperature sensor 7 is placed at a position away
from the inner periphery of first heating coil 33 so as not
to be easily affected by the self-emitting heat of first
heating coil 33. Consequently, the temperature of object
30 or 31 which is induction heated by first heating coil
30 can be precisely detected. If object 30 or 31 to be
heated is placed at a position that is slightly shifted away
from first heating coil 33, temperature sensor 7 can pre-
cisely detect the temperature of object 30 or 31 to be
heated without being affected by the positional shift of
the object to be heated.

[0110] In the induction heating apparatus of the
present embodiment, distance L1 between first heating
coil 33 and top plate 20 is greater than distance L2 be-
tween second heating coil 34 and top plate 20. That is
to say, first heating coil 33 is placed at a position farther
from top plate 20 than second heating coil 34. In the
concrete example, distance (L1) in the vertical direction
between first heating coil 33 and the lower surface of
top plate 20 is approximately 7 mm. On the other hand,
distance (L2) in the vertical direction between second
heating coil 34 and the lower surface of top plate 20 is
approximately 4 mm. In FIG. 7, these distances (L1 and
L2) are exaggerated. A case is examined below wherein
atemperature sensor 7Ais provided on the back surface
of top plate 20 on the center line of second heating coil
34 in the same manner as described above. The dis-
tance between first heating coil 33 and temperature sen-
sor 7 is greater by approximately 3 mm in the vertical
than the distance between second heating coil 34 and
temperature sensor 7A. The inner diameter R1 of first
heating coil 33 is approximately 80 mm and the inner
diameter R2 of second heating coil 34 is approximately
50 mm. Therefore, the substantial minimum distance
between temperature sensor 7 and the inner periphery
of first heating coil 33 is greater by approximately 15 mm
than the substantial minimum distance between temper-
ature sensor 7A and the inner periphery of second heat-
ing coil 34.

[0111] In the induction heating apparatus of the
present embodiment, there is a space between first
heating coil 33 and temperature sensor 7 by increasing
the distance therebetween as described above. An air
layer exists in this space as a heat insulating barrier, and
therefore, the effects of the self-emitting heat of first
heating coil 33 can be reduced on the detection temper-
ature of temperature sensor 7. Thereby, the tempera-
ture of the object to be heated by first heating coil 33
can be controlled with high accuracy.

[0112] In the induction heating apparatus of the
present embodiment, cooling air from the cooling fan 17
is applied most strongly to first heating coil 33. Cooling
fan 17 may be formed so as to take in air from the outside
of the apparatus so that a cooling air having approxi-
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mately the same temperature as the intake air, and to
apply the air to first heating coil 33. In such a configura-
tion, it becomes possible to reduce the thermal effects
supplied to top plate 20 and to temperature sensor 7 by
the heat from the self-emitting heat of first heating coil
33. Thereby, temperature sensor 7 can precisely detect
the temperature of object 30 or 31 to be heated. The
temperature of object 30 or 31 heated by first heating
coil 33 can be controlled with high accuracy.

[0113] Furthermore, in the induction heating appara-
tus of the present embodiment, a capacitor circuit 16
which forms a resonator together with first heating coil
33 is connected to first heating coil output adjustment
section 26. Capacitor circuit 16 is formed so as to
change the capacitance by a switch 16C which connects
capacitors 16A and 16B in parallel. In the case that ob-
ject to be heated selection section 10 selects second
object 31 to be heated, switch 16C is switched so that
the capacitance of capacitor circuit 16 is greater than in
the case of the selection of first object 30 to be heated.
Excellent effects can be achieved by this switching
wherein second object 31 to be heated or first object 30
to be heated can be heated at the desired temperature
by first heating coil 33.

[0114] Incidentally, in this embodiment, description is
made as to an example of an induction heating appara-
tus having two sets of heating sections, first heating coil
33 and first heating coil output adjustment section 26 as
well as second heating coil 34 and second heating coil
output adjustment section 27. However, the present in-
vention is not limited to this configuration, but rather the
same effects as in the above-mentioned embodiment
can be achieved in induction heating apparatuses hav-
ing a greater number of heating sections in accordance
with conditions of utilization.

Claims
1. Aninduction heating apparatus comprising:

a heating coil for induction heating a non-mag-
netic object to be heated having a conductivity
approximately the same as, or greater than, the
conductivity of aluminum and for induction
heating an iron-based object to be heated;

an inverter section for causing a high frequency
current to flow through said induction heating
coil;

a temperature sensor for detecting the temper-
ature of said object to be heated; and

a temperature control section for controlling the
temperature by adjusting the heat output of said
heating coil based on the detection result of
said temperature sensor, wherein

said temperature control section stops tem-
perature control based on the detection result of
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said temperature sensor, or changes the conditions
for temperature control in the case that said tem-
perature control section recognizes heating of a
non-magnetic object to be heated having a conduc-
tivity approximately the same as, or greater than,
the conductivity of aluminum.

The induction heating apparatus according to Claim
1, further comprising a material detection section for
detecting the material of which an object to be heat-
ed is made, wherein

said temperature control section recognizes
heating of a non-magnetic object to be heated hav-
ing a conductivity approximately the same as, or
greater than, the conductivity of aluminum on the
basis of the detection result of said material detec-
tion section.

The induction heating apparatus according to Claim
1, further comprising an object to be heated selec-
tion section for selecting whether a non-magnetic
object to be heated having a conductivity approxi-
mately the same as, or greater than, the conductiv-
ity of aluminum is heated, or an object to be heated
that is made of another material is heated, wherein

said temperature control section recognizes
heating of a non-magnetic object to be heated hav-
ing a conductivity approximately the same as, or
greater than, the conductivity of aluminum on the
basis of the selection result of said object to be heat-
ed selection section.

The induction heating apparatus according to Claim
1, further comprising a positional shift detection
section for detecting a floating phenomenon or a po-
sitional shift of an object to be heated, wherein

said temperature control section recognizes
heating of a non-magnetic object to be heated hav-
ing a conductivity approximately the same as, or
greater than, the conductivity of aluminum on the
basis of the detection result of said positional shift
detection section.

The induction heating apparatus according to any
one of Claims 1 to 4, further comprising a reporting
section for making a visual or auditory report to the
user, wherein

when the temperature control section recog-
nizes facts that a non-magnetic object to be heated
having a conductivity approximately the same as,
or greater than, the conductivity of aluminum is
heated, and control of heat output based on the de-
tection result of the temperature sensor is stopped,
or the conditions for temperature control are
changed, said reporting section informs the facts.

The induction heating apparatus according to any
one of Claims 1 to 4, further
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comprising a reporting section for making a visual
or auditory report to the user, wherein

when said temperature control section recog-
nizes fact that a non-magnetic object to be heated
having a conductivity approximately the same as,
or greater than, the conductivity of aluminum is
heated, said reporting section informs the facts.

An induction heating apparatus comprising:

an induction heating coil provided in the vicinity
of the position wherein an object to be heated
such as a pan is placed;

an inverter section for causing a high frequency
current to flow through said induction heating
coil;

a material detection section for detecting
whether said object to be heated is made of a
magnetic material or is made of a non-magnetic
material having a high conductivity;

a positional shift detector for detecting a posi-
tional shift of said object to be heated relative
to said induction heating coil;

a temperature sensor for detecting the temper-
ature of said object to be heated in order to con-
trol the temperature of said object to be heated;

and

a control section, to which the respective de-
tection outputs of said temperature sensor, said ma-
terial detection section and said positional shift de-
tection section are inputted, for providing to said in-
verter section the control output that carries out
temperature control of the object to be heated
based on the detection output of said temperature
sensor, and for stopping the operation of said tem-
perature control, or for changing the conditions for
temperature control, when one detection signal of
a detection signal provided by said material detec-
tion section detecting a non-magnetic object to be
heated having a high conductivity and a detection
signal provided by said positional shift detector de-
tecting a positional shift of the object to be heated,
is inputted into said control section.

The induction heating apparatus according to Claim
7, further comprising a reporting section for inform-
ing to a user facts that said control section has
stopped the temperature control operation or
changed the conditions for temperature control.

The induction heating apparatus according to Claim
7, further comprising an operating section by which
a user instructs the stoppage of the temperature
control operation when said object to be heated is
of non-magnetic material having a high conductivi-

ty.
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12.

13.

30

The induction heating apparatus according to any
one of Claims 1, 5, 7 and 8, wherein

the change in the conditions for temperature
control carried out by said control section is to lower
the temperature to be set.

An induction heating apparatus comprising:

a top plate on which an object to be heated is
placed;

a first heating coil, provided on the side of said
top plate opposite to a side placing an object to
be heated, being capable of heating an iron-
based object to be heated and an object to be
heated having a conductivity approximately the
same as, or greater than, the conductivity of
aluminum;

a second heating coil being capable of heating
objects to be heated other than objects to be
heated having a conductivity approximately the
same as, or greater than, the conductivity of
aluminum and an iron-based object to be heat-
ed;

a first heating coil output adjustment section
and a second heating coil output adjustment
section for respectively supplying high frequen-
cy currents to said first heating coil and to said
second heating coil;

a temperature sensor for detecting the temper-
ature of an object to be heated via said top
plate;

a temperature setting section for setting a con-
trol target temperature of an object to be heat-
ed; and

a temperature control section for controlling the
outputs of said first and second output adjust-
ment sections in accordance with the output in-
formation from said temperature setting section
so that the temperature of an object to be heat-
ed is controlled to the temperature correspond-
ing to said control target temperature, wherein

said temperature control section operates on-
ly when an iron-based object to be heated is heated
by means of said first heating coil.

The induction heating apparatus according to Claim
11, characterized in that said first heating coil has
a number of windings greater than that of said sec-
ond heating coil.

The induction heating apparatus according to Claim
11 or 12, further comprising a plurality of capacitors,
connected to said first output adjustment section to
form a resonator with said first heating coil, and a
switching section for switching the capacitance of
said plurality of capacitors.
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The induction heating apparatus according to any
one of Claims 11 to 13, wherein

said first heating coil output adjustment sec-
tion for supplying a high frequency current to said
first heating coil is formed so that the first heating
coil output adjustment section can heat either an
object to be heated having a conductivity approxi-
mately the same as, or greater than, the conductiv-
ity of aluminum or an iron-based object to be heat-
ed.

The induction heating apparatus according to any
one of Claims 11 to 14, characterized in that the
rated output of said second heating coil output ad-
justment section for supplying a high frequency cur-
rent to said second heating coil is greater than the
rated output of said first heating coil output adjust-
ment section for supplying a high frequency current
to said first heating coil.

The induction heating apparatus according to any
one of Claims 11 to 15, characterized in that said
first and second heating coils are in annular forms
orin spiral forms, wherein the inner diameter of said
first heating coil is greater than the inner diameter
of said second heating coil, and in that said tem-
perature sensor is provided in the vicinity of the
center portion of said first heating coil.

The induction heating apparatus according to any
one of Claims 11 to 16, characterized in that the
distance between said top plate and said first heat-
ing coil is greater than the distance between said
top plate and said second heating coil.

The induction heating apparatus according to any
one of Claims 11 to 17, characterized by further
comprising a cooling section for cooling the plurality
of heating coil output adjustment sections for re-
spectively supplying desired high frequency cur-
rents to said plurality of heating coils, wherein said
first heating coil is placed at a position wherein the
cooling effects due to said cooling section are of the
maximum.
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